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(57) ABSTRACT

A truck includes a refrigerated compartment that is equipped
with a dedicated refrigerating system, and a driver cabin.
The driver cabin is equipped with a least a first heat
exchanger adapted to cool an air flow directed to the cabin.
The truck further includes a compartment heat exchanger
located in the refrigerated compartment and adapted to cool
a heat transfer liquid sent to the first heat exchanger through
a heat transfer liquid connecting the first heat exchanger to
the compartment heat exchanger.

12 Claims, 6 Drawing Sheets
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1
TRUCK HAVING INTERMEDIATE HEAT
EXCHANGING CIRCUIT BETWEEN CABIN
AND CARGO CONTAINER

BACKGROUND AND SUMMARY

The invention relates to a truck with a refrigerated com-
partment, equipped with a dedicated refrigerating system,
and a driver cabin.

Many vehicles, including trucks are now equipped with
air conditioning units which allow cooling down the air in
the vehicle cabin. When trucks are stopped with the engine
shut down, the driver of the truck cannot activate the air
conditioning system of the truck if it is powered by the
engine. Therefore, if the truck is parked in a warm place, the
cabin of the truck can become uncomfortable for the driver.
In any case, vehicle air conditioning units require a substan-
tial amount of energy to cool down the cabin of a truck. This
is even more true due to the fact that these refrigerating units
need to be of a comparatively small size and should not be
too expensive, so that in many cases their inherent efficiency
is not optimum.

Trucks equipped with a refrigerated compartment, which
can be mounted on the truck itself or in a trailer, are usually
equipped with a refrigerating system dedicated to the refrig-
erated compartment. Due to the much bigger cooling power
required for refrigerating the compartment, these refrigerat-
ing systems are usually much more bulky already than
conventional vehicle air conditioning units. The vast major-
ity of such refrigerating systems are of the vapor compres-
sion type where a refrigerant flows in closed cycle circuit
comprising a compressor, a condenser, an expander and
evaporator. Systems for refrigerating big compartments may
comprise a dedicated internal combustion engine. Neverthe-
less, other systems exist which are based on an mere open
loop expansion of pre-compressed fluid such as nitrogen or
carbon dioxide store under high pressure in a dedicated
reservoir, such as described in EP-1,653,355. In any case,
the temperature of the refrigerated compartment is main-
tained at a substantially constant value, at any time, by the
refrigerating system, which is independent from the air
conditioning system of the cabin of the truck if the cabin is
so equipped.

As the temperature of refrigerated compartments is much
lower than the temperature required in the cabin for the
comfort of the driver, the refrigerating system of the com-
partment can be used to control the temperature of the cabin
without influencing too much the temperature in the refrig-
erated compartment. To this end, it is known from DE-A-
101 42 546 to use a heat exchanger installed in the refrig-
erated compartment to refresh an air flow coming from the
cabin. This refreshed air flow is then sent back and blown
into the cabin. The system has a single air to air heat
exchanger where the air of the cabin and the air of the
refrigerated compartment can exchange heat. Such system
may allow dispensing with a dedicated cabin refrigeration
system.

This technique needs ducts of a large diameter running
from the cabin to the refrigerated compartment to obtain
enough air flow, which may prove to be not convenient when
the refrigerated compartment is carried by a trailer or a
semi-trailer which exhibits ample movements with respect
to the cabin when the vehicle is operated. Moreover, the
air/air heat exchanges do not provide a satisfying efficiency
and carrying low thermal energies by air induces relatively
high energy losses.
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An aspect of this invention aims at proposing a new truck
having a refrigerated compartment equipped with a dedi-
cated refrigerating system and a driver cabin, which allows
to efficiently use the refrigerating system to refresh the cabin
when the air conditioning system of the cabin is deactivated
due to the idle state of the engine of the truck.

To this end, an aspect of the invention concerns a truck
with a refrigerated compartment equipped with a dedicated
compartment refrigerating system and a driver cabin. This
truck is characterized in that the driver cabin is equipped
with a least a first heat exchanger adapted to cool an air flow
directed to the cabin, and wherein it comprises a compart-
ment heat exchanger located in the refrigerated compartment
and adapted to cool a heat transfer liquid sent to the first heat
exchanger through a heat transfer liquid circuit connecting
said first heat exchanger to said compartment heat
exchanger.

Thanks to an aspect of the invention, a heat transfer liquid
is cooled in the refrigerated compartment and driven to a
heat exchanger installed in the cabin, in order to refresh the
temperature of the cabin, for example in case an air condi-
tioning system of the cabin does not operate, in case it is
more efficient to use only the compartment refrigerating
system than a cabin refrigerating system, or simply in case
the cabin is devoid of any air conditioning system. The use
of a heat transfer liquid induces a high heat transfer effi-
ciency in both the first heat exchanger and the compartment
heat exchanger, and small diameter hoses can be used to
convey the liquid front the compartment to the cabin, which
reduces the efficiency losses during the circulation of the
heat transfer liquid.

According to further aspects of the invention which are
advantageous but not compulsory, such a truck may incor-
porate one or several of the following features:

The heat transfer circuit comprises flexible hoses between
the cabin and the refrigerated compartment.

The refrigerated compartment comprises a cold storage
block thermally connected to the heat transfer liquid circuit.

The first heat exchanger is associated to a ventilation
system of the cabin comprising several spaced apart air
outlets.

The first heat exchanger is associated to a ventilation
system which in installed inside a dashboard of the vehicle.

The first heat exchanger is associated to an auxiliary
ventilation system installed in a living space of the cabin,
and adapted to ventilate said living space.

The truck comprises a cabin dedicated air conditioning
system adapted to cool an air flow directed to the cabin.

The air conditioning system of the cabin comprises an
evaporator and the first heat exchanger and the evaporator
are associated to a same ventilating system.

The air conditioning system of the cabin comprises an
evaporator and a secondary heat transfer circuit having a
secondary heat exchanger able to exchange heat with the
evaporator, and wherein the first heat exchanger is con-
nected to both the compartment heat exchange circuit and
the secondary heat exchange circuit.

The truck comprises means to selectively connect the first
heat exchanger to the compartment heat exchanger or to the
secondary heat exchanger.

The means to selectively connect the first heat exchanger
to the compartment heat exchanger or to the secondary heat
exchanger comprise an electronic, control unit adapted to
control valves means.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be explained in correspondence
with the annexed figures and as an illustrative example,
without restricting the invention. In the annexed figures:
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FIG. 1 is a schematic view of a truck according to a first
embodiment of the invention;

FIG. 2 is a fluid circulation chart of the truck of FIG. 1;

FIG. 3 is a schematic view of a truck according to a
second embodiment of the invention;

FIG. 4 is a fluid circulation chart of the truck of FIG. 3;

FIG. 5 is a fluid circulation chart of a truck according to
a third embodiment of the invention;

FIG. 6 is a fluid circulation chart of a truck according to
a fourth embodiment of the invention.

DETAILED DESCRIPTION

As represented on FIGS. 1 and 3, a truck T according to
the invention may comprise a cabin C comprising a dash-
board 2 located in front of the cabin, substantially beneath
the windshield, a driver seat 4, and a living space 6 located
behind the driver seat, where a bed can be installed. Under
cabin C, truck T comprises a chassis frame on which are
mounted, inter alia, the wheels, the bumpers and an internal
combustion engine E.

Truck T is equipped with a refrigerated compartment 100.
Compartment 100 can be integrated onto truck T or installed
on a trailer or a semi-trailer driven by truck T. Preferably, the
compartment is entirely separate from the cabin so that no
air may pass from one to the other. The compartment is for
example for carrying goods which need to be maintained
below a certain temperature. Refrigerated compartment 100
is equipped with a refrigerating system 102 adapted to
maintain a desired temperature in refrigerated compartment
100.

Refrigerating system 102 may be of the vapour compres-
sion type comprising a closed loop refrigerating fluid circuit
104 which typically comprises a compressor 106, a con-
denser 108, a receiver-drier 110, an expander 112 and an
evaporator 114. Evaporator 114 is used to cool an air flow
blown into refrigerated compartment 100 so as to maintain
its temperature at a desired level. Compressor 106 is for
example driven by an internal combustion engine E100
dedicated to the operation of the compartment refrigerating
system 102. In any case, the invention can be implemented
whatever the type of the compartment refrigerating system.

Refrigerated compartment 100 comprises a compartment
heat exchanger 120 which is installed at any place compart-
ment 100 so as to extract cold from compartment 100.
Compartment exchanger 120 may comprise a network of
pipes 121 arranged around refrigerated compartment 100,
for example along one or several walls thereof. Of course,
more conventional types of exchangers could be used as the
compartment heat exchanger 120. The compartment heat
exchanger 120 is connected to, and part of, a heat transfer
liquid circuit 200 which connects the compartment heat
exchanger 120 to another heat exchanger, hereinafter named
first heat exchanger, 300 which also part of the heat transfer
liquid circuit 200 and which is preferably located in cabin C.
Circulation of heat transfer liquid in circuit 200 can be
driven by a pump 202. Heat transfer liquid goes along a
closed loop in circuit 200, as shown by arrows Al and A2.
Arrow Al represents heat transfer liquid flow from heat
exchanger 120 to heat exchanger 300. Arrow A2 represents
heat transfer liquid flow from heat exchanger 300 to heat
exchanger 120. Heat transfer liquid circuit 200 crosses the
gap between compartment 100 and cabin C thanks to
flexible hoses 204. Cold is extracted from compartment 100
by cooling the heat transfer liquid which circulates in the

10

15

20

25

30

40

45

50

55

60

65

4

compartment heat exchanger 120, the cold being thereby
transferred to the first heat exchanger 300 for cooling an air
how directed to the cabin.

Heat transfer liquid is preferably a liquid having good
heat capacity and heat conductivity characteristics. Suitable
candidates include water, ethylene glycol, linear alkenes,
parraffinic hydrocarbons, aromatic hydrocarbons, etc. . . . .
The heat transfer liquid preferably undergoes no phase
change in the heat transfer liquid circuit 200.

In some embodiments, cabin C comprises a ventilation
system 8 which preferably comprises, like in most vehicles,
several spaced apart air outlets located at different places in
the cabin to diffuse a ventilated air flow F1 more predomi-
nantly at different zones for performing a specific function,
like defogging of the windscreen or of lateral windows,
and/or for a better comfort of the driver and passengers, such
as for directing air towards the feet of the driver/passenger.
In most cases, the ventilation system is installed at least
partly in the dashboard 2. A ventilation system will typically
comprise one or several air ducts for feeding the air outlets,
and a blower for forcing an air flow through the system,
possibly at different speeds. The ventilation system also
preferably comprises an air distribution control system for
selectively controlling which outlets or group of outlets are
fed with the air flow. Ventilation system 8 can be controlled
by the driver thanks to a non represented control device
located on dashboard 2, adapted to communicate with an
electronic control unit 500, which may be adapted to imple-
ment automatic or semiautomatic control of the system for
example in terms of temperature or speed of the air flow, or
in terms of selection of the outlets. The ventilation system
can in most cases take air from outside the vehicle in order
to bring in fresh air to the cabin, but it can also, as part of
its distribution system, comprise means to cause air recy-
cling where air is aspirated from the cabin to be redirected
to the cabin through one or several of the outlets. In most
cases, the ventilation system can be associated with a heater
for heating the flow of air, or at least part of it, which is
directed to the cabin through the ventilation system. The
heater can be an electric resistor or can be a heat exchanger
where the air flow F1 exchanges heat with the cooling liquid
of an engine cooling circuit. Such heater is not represented
in the drawings, but it could for example be integrated
within a duct of the ventilation system 8.

As will be seen hereinafter, the ventilation system 8 may
be associated with cooling means for cooling at least part of
the flow F1.

According to a first embodiment, the first heat exchanger
300 is associated with the ventilation system 8, and the
cooling of the air flow F1 directed to the cabin C is
exclusively provided by first heat exchanger 300. As sche-
matically shown in FIGS. 1 and 2, the heat exchanger 300
may be integrated within a duct of the ventilation system 8
so that the air flow F1 blown into cabin C by ventilation
system 8 is blown onto heat exchanger 300, in which the
previously cooled heat transfer liquid circulates, in order to
be cooled so that the driver gets the desired temperature in
his cabin. The temperature of the cabin can be controlled by
the driver by acting on heat exchanger 300, for example by
increasing or decreasing the thermal exchange surface of
heat exchanger 300, or by acting on the flow rate of cooled
air in cabin C. The temperature control can also be imple-
mented by piloting pump 202 so as to vary the flow rate of
heat transfer liquid in circuit 200. These controls may be
implemented by electronic control unit 500 thanks, for
example, to electronic signals.
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In the first embodiment, energy is not taken from main
internal combustion engine E but from engine E100 of
refrigerating system 102. As refrigerating system is com-
monly oversized so as to provide the desired temperature in
refrigerated compartment 100 at any time, the energy needed
to control the temperature in cabin C is substantially low
with respect to the energy needs of refrigerating system 102.
This architecture allows to spare energy taken from engine
E and to provide the adequate temperature in cabin C even
if engine E is stopped. In this first embodiment, the heat
transfer circuit 200, with the first heat exchanger 300, may
in most cases totally replace a conventional dedicated cabin
refrigerating system, which can be dispensed with. Of
course in such case, if the compartment refrigerating system
is not functioning, or if the truck is a tractor which is not
towing a refrigerated semi-trailer, then the cabin cannot
receive cooled air.

In the following embodiments, elements similar to those
of the first embodiment bear the same references.

According to a second embodiment represented on FIGS.
3 and 4, the first heat exchanger 300 is mounted in the living
space 6 of the cabin and is preferably associated with a
second ventilation system 62 adapted to extract air from
cabin C, as shown by arrows F3, and to blow an air flow F2
in living space 6. This provides the driver with comfortable
resting conditions. Thanks to heat exchanger 300, when the
driver rests or sleeps in living space 6, in a period when
internal combustion engine E is shut down, temperature in
living space 6 may be maintained at a comfortable level.

In this second embodiment, truck T may be additionally
equipped with an air conditioning system 10 dedicated to
cabin C and independent from the compartment refrigerating
system 102, for more specifically providing cooled air to a
driver area which can be defined as the area substantially
comprised between the dashboard, the windshield and the
driving/passenger seat of cabin C. Air conditioning system
10 may be driven by internal combustion engine E, as
shown, or by another source of power such as an electric
motor. In a manner similar to refrigerating system 102, air
conditioning system 10 may be based on a vapour compres-
sion cycle and may therefore comprise a refrigerating circuit
14 comprising a compressor 12 driven by engine E, a
condenser 16, a receiver-dryer 18, an expander 20 and an
evaporator 22. The refrigerating fluid which circulates in
circuit 14 can be for example conventional R134a refriger-
ant or C02. This refrigerating fluid circulates in closed loop
in circuit 14, as shown by arrows A3 and A4, and undergoes
phase changes. Arrow A3 represents refrigerating fluid flow
from condenser 16 to evaporator 22. Arrow A4 represents
refrigerating fluid flow from evaporator 22 to condenser 16.
Evaporator 22 is adapted to cool air flow F1 in which is to
be directed to the driver area of cabin C and it is therefore
associated to ventilation system 8, for example by being
integrated within an air duct of the ventilation system.
According to a third embodiment represented on FIG. 5, the
truck may be equipped with both a dedicated cabin air
conditioning system as described in relation to the second
embodiment, and with a first heat exchanger 300 according
to the invention, i.e. connected to a compartment heat
exchanger 120 in a heat transfer liquid circuit 200, with the
first heat exchanger 300 and the evaporator of the dedicated
cabin air conditioning system being associated to the same
ventilation system 8. The common ventilation system is
preferably at least partly installed in dashboard 2. In this
embodiment, the cabin ventilation system 8 can deliver
cooled air which may be cooled either by the evaporator, or
by the first heat exchanger, or by both, depending on the
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operating states of the vehicle, so that in all circumstances
the cabin can be cooled and in all circumstances the cooled
air is delivered through the ventilation system which
achieves an optimal distribution in the driver area of the
cabin for optimum comfort. It can be noted that, when both
the evaporator 22 and the first exchanger 300 deliver cold,
the cooling effects are added, which can be an advantage in
case of very warm weather.

According to a fourth embodiment represented on FIG. 6,
the truck comprises a dedicated air conditioning system 10
of the cabin C having an evaporator 22. Contrary to the
second and third embodiments, the evaporator is not directly
in contact with the air flow F1 which is to be directed to the
cabin. Instead, a secondary heat transfer circuit 401, 402
having a secondary heat exchanger 400 able to exchange
heat with the evaporator 22 is provided, and the first heat
exchanger 300 is connected to both the compartment heat
exchange circuit 200 and the secondary heat exchange
circuit so as to be part of both circuits. In both heat transfer
circuits, a heat transfer fluid, preferably the same, flows to
“bring cold” to the first heat exchanger 300 from the
compartment heat exchanger 120 and/or from the secondary
heat exchanger 400.

In parallel to being connected to compartment heat
exchanger 120, the first heat exchanger 300 is connected to
secondary heat exchanger 400 by two supplementary ducts
401 and 402. Heat exchanger 400 is therefore connected
with liquid circuit 200. Means are provided to selectively
connect the first heat exchanger 300 to the compartment heat
exchanger 120 or to the secondary heat exchanger 400. For
example, these means can be embodied as three-way valves
410 and 420. Three-way valves 410 and 420 are preferably
controlled by electronic control unit 500 thanks to electronic
signals S410 and S420.

The secondary heat exchanger 400 is coupled to evapo-
rator 22 so as to permit heat exchanges between the refrig-
erating fluid flowing in the air conditioning circuit and the
heat transfer liquid circulating in the secondary heat transfer
circuit. Preferably, the secondary heat exchanger 400 and the
evaporator are integrated into a single component so as to
provide direct heat exchange between the refrigerant fluid
and the heat transfer liquid, without mixing of the two.

The first heat exchanger is preferably associated to the
ventilating system 8 which is at least partly installed in the
dashboard of the vehicle.

In a first configuration, the first heat exchanger 300 can be
disconnected from the secondary heat exchanger 400 by
controlling valves 410 and 420 so as to achieve air condi-
tioning in cabin C in the same manner as in the first
embodiment. In this case, operating of compressor 12 can be
deactivated so as to save energy.

In a second configuration, the first heat exchanger 300 and
the secondary heat exchanger 400 are connected to each
other and the first exchanger 300 is disconnected from the
compartment heat exchanger 120 thanks to valves 410 and
420. In this case, the cabin air conditioning system 10
operates as usual and the cooling effect is obtained by the
circulation of the heat transfer liquid in ducts 401 and 402.
The heat transfer liquid circulates in closed loop between
exchanger 300 and exchanger 400 through ducts 401 and
402, as shown by arrows A5 and A6. Arrow A5 represents
heat transfer liquid flow from exchanger 300 to exchanger
400 and arrow A6 represents heat transfer liquid flow from
exchanger 400 to exchanger 300. The circulation of the fluid
can be maintained by a non-represented pump in this con-
figuration. This setup allows having the evaporator 22
outside of the vehicle cabin.
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Valves 410 and 420 can be controlled by an electronic
control unit on the basis of the operating state of truck T,
such as whether the compartment refrigerating system and
the air conditioning system are operating or not.

In one variant of the fourth embodiment, the selective
connecting means can connect the first heat exchanger
simultaneously to both the compartment heat exchanger 120
and to the secondary heat exchanger 400 so as to allow a
third configuration of the system where the first heat
exchanger receives cooled liquid from both the cabin air
conditioning system and the compartment refrigerating sys-
tem.

In another variant of the fourth embodiment, the first heat
exchanger 300 can exchange places with secondary heat
400. First heat exchanger 300 is then not necessarily in the
cabin.

According to an optional feature of the invention which is
represented only on FIGS. 1 and 2 but can be implemented
with the various embodiments of the invention, refrigerated
compartment 100 may be equipped with a cold storage block
130. This block 130 is used to create a cold area in
compartment 100 when refrigerating system 102 is shut
down. Cold storage block 130 is connected to liquid circuit
200 and can be charged when refrigerating system 102 is
operating. Cold storage block 130 can be used to keep some
cooling capacity available for the first heat exchanger for
some time after the shutdown of the compartment refriger-
ating system 102. The cold storage box can comprise a
significant volume of material having a high thermal capac-
ity and/or exhibiting a Ugh specific melting heat such as the
so-called “Phase-Change Materials” amongst which one can
select paraffin or fatty acids for example.

The technical features of the embodiments of the inven-
tion can be combined in the scope of the invention.

According to a non shown embodiment of the invention,
truck T can comprise several heat exchangers analogue to
first heat exchanger 300, which are connected to heat
transfer liquid circuit 200, and which may be located at
various places of cabin C. For example, cabin C can com-
prise a heat exchanger associated to a ventilation system in
the dashboard and another heat exchanger located in living
space 6, both being connected to the compartment heat
exchanger via the heat transfer liquid circuit 200.

According to an optional feature which can be imple-
mented with the various embodiments of the invention and
which is represented on FIGS. 1 and 3, truck T may be
equipped with a photovoltaic generator 600 mounted on the
roof of refrigerated compartment 100. Photovoltaic genera-
tor 600 provides electrical energy to pump 202 and is also
adapted to charge an energy storage unit 602, which can be
used to operate various electrical equipments of truck T.

The invention claimed is:

1. A truck comprising:

a refrigerated compartment, the refrigerated compartment

being equipped with a dedicated refrigerating system,

a driver cabin, wherein the driver cabin is equipped with

a least a first heat exchanger adapted to cool an air flow
directed to the cabin,
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a compartment heat exchanger located in the refrigerated
compartment and adapted to cool a heat transfer liquid
sent to the first heat exchanger through a compartment
heat transfer liquid circuit in which the heat transfer
liquid undergoes no phase change, the compartment
heat transfer liquid circuit connecting the first heat
exchanger to the compartment heat exchanger, and

a cabin dedicated air conditioning system adapted to cool
the air flow directed to the driver cabin,

wherein the dedicated air conditioning system of the
driver cabin comprises an evaporator and a secondary
heat transfer circuit having a secondary heat exchanger
coupled to the evaporator and able to exchange heat
with the evaporator, and wherein the first heat
exchanger is connected to both the compartment heat
transfer liquid circuit and the secondary heat transfer
circuit.

2. The truck according to claim 1, wherein the compart-
ment heat transfer liquid circuit comprises flexible hoses
between the driver cabin and the refrigerated compartment.

3. The truck according to claim 1, wherein the refrigerated
compartment comprises a cold storage block connected to
the compartment heat transfer liquid circuit.

4. The track according to claim 1, wherein the first heat
exchanger is associated to a ventilation system of the driver
cabin comprising several spaced apart air outlets.

5. The truck according to claim 4, wherein the first heat
exchanger is integrated within a duct of the ventilation
system.

6. The truck according to claim 1, wherein the first heat
exchanger is associated to a ventilation system which is at
least partly installed in a dashboard of the truck.

7. The truck according to claim 1, wherein the first heat
exchanger is associated with an auxiliary ventilation system
installed in a living space of the driver cabin, and adapted to
ventilate the living space.

8. The truck according to claim 1, wherein the cabin
dedicated air conditioning system of the driver cabin com-
prises the evaporator and in that the first heat exchanger and
the evaporator are associated with a same ventilating sys-
tem.

9. The truck according to claim 1, wherein the secondary
heat exchanger and the evaporator are integrated into a
single component so as to provide direct heat exchange
between a refrigerant fluid of the cabin dedicated air con-
ditioning system and the heat transfer liquid.

10. The truck according to claim 1, comprising means to
selectively connect the first neat exchanger to the compart-
ment heat exchanger or to the secondary heat exchanger.

11. The truck according to claim 10, wherein the means to
selectively connect the first heat exchanger to the compart-
ment heat exchanger or to the secondary heat exchanger
comprise an electronic control unit adapted to control valve
means.

12. The truck according to claim 1, comprising several
first heat exchangers which are connected to the compart-
ment heat transfer liquid circuit.
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